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An  Adaptation  of  Folin's  Method  for  the  Quantitative 
Determination  of  Creatine  and  Creatinine, 

The  quantitative  method  for  the  determination  of  creat- 
ine and  creatinine,  which  was  perfected  by  Folin'j  is  the  most 
accurate  which  we  possess  to-day.    This  method  is  based  on  the 
work  of  Jaffe,  who  showed  that  when  a  solution  containing  creat- 
inine is  treated  with  a  solution  of  picric  acid  and  made  alka- 
line with  sodium  hydroxide  a  beatiful  deep^red  -orange  color  is 
produced.    Previous  to  this  time  creatinine  was  precipitated  with 
zinc  chloride,  filtered,  and  weighed  as  the  double  salt  of  creat- 
inine and  zinc  chloride.    Folin's  method  was  perfected  for  the 
use  in  the  determination  of  creatinine  in  urines.    The  method  is 
as  follows:-  Place  ten  cubic  centimeters  of  urine  in  a  500  cc . 
volumetric  flask,  add  15cc.  of  a  saturated  solution  of  picric 
acid  and  5cc.  of  a  10  per  cent  solution  of  sodium  hydroxide;  then 
shake  thoroughly,  and  allow  the  mixture  to  stand.    After  exactly 
five  minutes,  dilute  the  contents  of  the  flask  to  the  500cc. 

mark,  and  pour  seme  of  the  solution  into  one  of  the  cylinders  of 
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the  Duboscq  colorimeter.     One  of  the  cylinders  of  the  colorimeter 
is  filled  with  a  half -normal  solution  of  potassium  dichromate 
and  the  prism  plunged  into  it  until  the  scale  reads  8mm,  In 
the  one  containing  the  solution  of  creatinine,  picric  acid,  and 
sodium  hydroxide"  the  prism  plunger  is  adjusted  until  there  is  an 
equal  depth  of  color  in  the  two  halves  of  the  field  at  the  eye- 
piece.   Four  readings  should  be  made  in  each  determination  and 
the  average  used  as  the  final  result.    From  such  data,  the  amount 
of  creatinine  can  be  calculated. 

For  the  determination  of  creatine  by  this  method,  the 
preliminary  procedure  of  Benedict  and  Meyer,  may  be  used:-  To 
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2. 

20  cc.  of  urine  in  a  r0  cc .volumetric  flask,  add  ?0  oc.  of  nor- 
mal hydrochloric  acid,  and  place  the  flask  in  an  autoclave,  and 
heat  at  a  temperature  of  117-120  degrees  C.  for  half  an  hour. 
Add  distilled  water  until  the  volume  of  the  acid  urine  mixture 
ie  exactly  50  cc,  close  the  flask  and  shake  thoroughly.  Approx- 
imately  neutralA  35  cc.  of  this  mixture  ,  introduce  10  cc.  into 
a  500  cc,  volumetric  flask  ,  and  determine  the  creatinine  as  in 
Folin's  method.    The  creatine  is  hydrolized  to  creatinine  in 
this  process. 

Following  Folin's  publication  of  his  method  for  determining 
creatinine  in  urine,  a  great  many  men  began  the  study  of  the  ap- 
plication of  this  method  to  the  determination  of  creatine  and 
creatinine  in  other  substances,  and  $o  test  the  accuracy  when 
applied  to  urine.      Grindley  and  Woods,  and  Grindley  and  Fmmett 
applied  the  method  to  the  determination  of  creatine  in  meats  and 
meat  extracts.    Hehner  tried  to  disapprove  the  work  of  Folin,  and 
Grindley  and  Emmett  with  regard  to  meat  extracts.     Chaston  Chap- 
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man  worked  out  a  great  many  problems  in  regard  to  the  effect  of 
other  compounds  upon  Jaffe's  reaction,  when  present  with  the 
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creatinine.    Benedict  and  Meyers  applied  the  Folin  method  to  the 
determination  of  creatine  after  hydrolising,  according  to  the 
technic  perfected  by  them.    W, B.Smith  and  I.M.Meyers  made  certain 
dichromate  constants  to  be  used  in  the  place  of  the  Duboecq  col- 
orimeter . 

Purpose  and  *>lan  of  the  Work. 
The  purpose  of  this  work  is:-  to  study  the  methods  for 
the  determination  of  small  amounts  of  creatine  and  areatinine, 
such  as  occur  in  dilute  urines  or  in  cases  where  but  a  few  mil- 
ligrams of  creatine  are  available;  to  study  the  modification  of 
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of  Folin's  method  as  suggested  by  Shaffer  and  RtinotOj    and  to 
study  the  method  as  suggested  by  Urano','  and  to  repeat  and  ampli- 
fy his  experiments  on  the  occurrence  of  creatine  in  muscles, 
with  the  purpose  of  fixing,  if  possible,  the  manner  in  which  it 
occurs  there. 

JO 

Shaffer  and  Reinoso  modified  Folin's  method,  so  that 
creatinine  could  be  determined  in  solutions  containing  less  than 
20  mga.  in  100  cc,    They  claim  their  modification  will  give  ac- 
curate results  when  the  creatinine  occur^s  in  quantities    as  low 
as  3  mgs.  in  100  cc.    Their  method  is  as  follows:  take  such  a 
volume  of  the  solution  that  it  will  contain  10-15  mgs.of  creat- 
inine.    If  this  volume  is  below  850  cc,,add  an  equal  volume  of 
picric  acid  and  one  tenth  of  the  volume  of  hydroxide, (10$  by 
weight),  and  then  proceed  as  in  Folin's  method.    However,  we 
found  that  by  varying  the  amount  of  picric  acid  and  sodium  hy- 
droxide that  the  results  were  not  satisfactory.    A  standard  sol- 
ution of  creatinine  was  prepared  and  10  cc.  volumes  taken  for  the 
tests.    Each  sample  was  diluted  wilbh  a  different  volume  of  water, 
and  varying  amounts  of  pieric  acid  and  sodium  hydroxide  were  added 
The  table  below  will  serve  to  illustrate  the  accuracy  of  such  a 
method. :  

Standard  Creatinine,    contains  1  gram  creatinine  per 

liter  of  solution.   (  Schuchardt's  creatinine  used.)      It  was  stan- 
dardised by  adding  small  quantities  of  creatinine  from  time  to 
time,  until  the  solution  registered  8.1  mm.  on  the  Duboscq  col- 
orimeter.   The  fftfcndard  was  placed  in  a  dark  bottle  to  keep  it 
from  being  exposed  to  the  actinie  rays.    The  impurity  was  not  as- 
certained, but  upon  further  hydrolysis  the  reading  was  constant, 
showing  that  the  impurity  was  not  creatine.:  
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No.  cc.  of  the  No  of  cc.  of  Acid.  Alkali.  Reading  in 
creatinine  sol.      water  added.        Picric.    NaOH.  mm. 
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15cc . 
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The  readings  should  have  been  8.1  mm. 
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Stanley  Walpole  has  devised  a  method  for  the  direct  de- 
termination of  creatine,  in  which  he  uses  diacetyl  to  produce  a 
pink  color  with  creatine.    The  estimation  of  creatine  in  urine  is 
based  on  the  above  color  test.     In  this  method,  a  great  deal  of 
accuracy  in  manipulation  is  necessary,  and  besides  many  other 
factors  tend  to  inhibit  or  increase  the  color  formed.  Ammonia 
and  arginine  are  examples  of  such  compounds  which  make  the  deter- 
mination of  creatine  in  urine  difficult,  since  they  both  occur 
there.    Diacetyl  is  very  easily  rolimerized  by  alkaline  solutions 
to  a  dark  brown  compound,  which  ,  if  in  excess  will  hinder  the 
readings , 

A  short  study  was  made  of  the  reactions  described  by 
Chapman,  and  his  work  on  other  reducing  compounds  was  confirmed. 
Especially  such  compounds  as  might  occur  in  urines  or  in  meat 
extracts.    Aldehydes  and  acetone  were  found  to  produce  the  same 
color  as  creatinine,  but  not  so  readily.    Dextrose  also  reduces 
a  mixture  of  picric  acid  and  sodium  hydroxide,  but  only,  on  warm- 
ing. 

The  preliminary  work  done  by  us  upon  the  behavior  of  the 
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reaction  which  ie  essential  to  the  Folin  method  was  as  follows; — 
A  very  strong  solution  of  sodium  hydroxide  with  picric  acid  a- 
lone?was  warmed  on  the  water  hath,  ami  gave  the  same  red  color  as 
that  produced  by  creatinine,  though  the  color  was  not  as  intense. 
The  effect  of  varying  the  amounts  of  picric  acid  and  sodium  hy- 
droxide solution  to  a  small  degree,  was  not  appreciable.  It 
was  found  that  the  color  of  the  dichromate  standard  is  effected 
by  variations  in  temperature  to  a  greater  extent  than  that  of 
the  creatinine.     If  a  solution  of  half  normal  dichromate  is  heat- 
ed to  the  boiling  point  of  water,  the  change  in  color  is  very 
marked,  and  becomes  much  more  intense.    The  direct  opposite  is 
true  of  the  -di^hroma^.    When  a  solution  of  that  color  is  heated 
on  the  water  bath,  it  becomes  a  light  lemon  yellow,  after  a  long 
period  of  time  has  elapsed.     In  the  first  case  the  increase  in 
color  is  not  a  permanent  one,  but  will  return  to  the  original 
when  cooled  to  the  normal  temperature.    The  color  of  the  creat- 
inine will  not  resume  its  original  shade  when  cooled.    The  first 
change  in  color  is  due  to  an  increase  in  ionization,  but  the  loss 
in  color  in  the  second  is  due  to  the  breaking  down  of  the  color 
compound  produced  in  the  first  place.     In  fact  no  heat  need  be 
applied,  for  the  color  will  finally  disappear  upon  standing. 
Upon  this  fact,  that  the  color  of  crVa^tirfine  is  stable,  did  we 
evolve  the  following  method  for  tfce  rapid  determination  of  creat- 
inine;—  This  method  is  to  be  used  for  solution  which  contain 
small  amounts  of  creatine  and  creatinine.    One  gram  of  Schuch- 
ardt's  creatinine  was  dissolve  in  distilled  water  and  made  up  to 
1000  cc,  and  tested  on  the  Duboscq  colorimeter.      It  was  found 
to  be  impure,  and  a  determination  of  its  purity  showed  that  it 
contained  96$  creatinine.    The  standard _solution  was  prepared  as 
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follows;     to  the  solution  as  described  above,  additional  amounts 
of  creatinine  were  added,  until,  after  being  tested  according  to 
the  Folin  method,  it  registered  8.1  mm.  on  the  colorimeter.  The 
solution,  therefore,  contained  one  mg.  of  creatinine  per  1  cc, 
of  solution.   A  dichromate  solution  was  made  up  in  the  follow- 
ing manner;     100  grams  of  pure  potassium  dichromate  were  dissolv- 
ed in  distilled  water,  and  made  up  to  1000  cc.  at  25  degrees. 
This  temperature  was  considered  normal  for  the  room.    Volumes  of 
the  creatinine  solution,  equal  to  from  ,1  to  1.  mg.  of  creatin- 
ine, were  placed  in  Nessler  tubes,  of  equal  leng©,  and  dichro- 
mate solutions  made  to  correspond  to  them.    For  each  increase  of 
.1  mg.  of  creatinine,  a  dichromate  solution  was  made  to  corres- 
pond.   The  range  included  ten  standards.    The  dichromate  stand- 
ards were  all  diluted  to  the  50  cc.  mark  on  the  Nessler  tubes. 
The  creatinine  standards,  from  which  the  dichromate  standards 
were  made,  were  produced  by  the  addition  of  picric  acid  and  NaOH, 
as  Folin  describes.    Each  being  diluted  to  the  50  cc.  mark  in- 
stead of  the  500  cc  mark,  and  only  15  drops  of  acid  and  5  drops 
of  alkali  were  used.  (15  drops  being  equal  to  2.4  co.).  This 
amount  was  found  to  be  sufficient  to  produce  the  maximum  color. 
Checks  were  made  to  insure  the  correct  values.  A  mirror  color- 
imeter, which  has  been  in  use  in  the  laboratories  of  the  Univer- 
sity of  Illinois  for  several  years,  and  which  has  been  recently 
described  by  Bartow,  was  used  to  compare  the  standards  in.  This 
tBhnsists  of  a  rack  with  a  series  of  holes  bored  in  it,  into 
which  Nessler  tubes  fit.    These  tubes  rest  on  a  glass  plate  over 
holes  in  another  board  below.    Beneath  this  row  is  a  reflecting 

mirror,  which  casts  its  light  up  through  the  tubes  upon  another 
mirror  above.    Here,  as  represented  in  the  tubes,  is  the  field 
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of  colors,  the  intensity  being  increased  in  proportion  to  the 
height  of  the  column  of  liquid.    The  following  table  is  the  com- 
parison of  the  two  standards;  


No.  of  mgs .  of 
creat  inine . 

.1 
.3 
.3 
.4 
.5 
.6 
.7 
.8 
.9 


No.  of  cc .  of  the 
dichromate  solution. 

1,96 

4.50 

7.00 
10.00 
13.50 
16.50 
20.00 
24.00 
29.00 


These  resmlts  were  plotted  on  coordinate  paper,  in  order 
to  hve  a  means  accessible  to  all  sorts  of  such  standards  made 
from  dichromate.    The  curve  is  on  the  following  plate.    The  fact 
that  no  two  points  lie  on  a  straight  line  shows  that  the  dilution 
of  the  dichromate  is  a  function  of  two  or  more  factors;  that  is 
that  the  color  is  not  inversely  proportional  to  the  dilution. 

Previous  to  making  a  standard  of  the  dichromate,  the  one 
of  creatinine,  from  which  the  dichromate  was  made,  was  used  as  a 
standard.     A  comparison  of  the  relative  ease  and  accuracy  of  man- 
ipulation of  the  two  standards  showed  the  one  of  dichromate  to  be 
the  more  satisfactory.    This  was  used  in  the  determination  of  the 
creatinine  in  the  series  of  experiments  which  will  be  described 
below. 

Dialysis  Experiments. 
The  method  of  procedure  was  very  much  like  that  followed 

w 

by  Urano.  The  dog  wag  used  as  the  basis  of  muscle  supply.  The 
muscles  were  dissected  from  the  thigh,  and  the  fat  and  connect- 
ing tissue  removed.  These  muscles  were  then  prepared  for  dial- 
ysis in  various  ways.     Some  were  ground  op  by  passing  through  a 
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meat  chopper  three  times,  while  others  were  used  in  their  normal 

condition.    Twenty  five  gram  samples  of  each  were  used  for  the 

IH 

dialysis.     Collfcdin  tubes,  prepared  after  the-;  method  of  Gies, 
were  made  to  pack  the  ground  meat  into  for  the  dialysis.     The  mue 
cle  bundles  and  ground  meat  were  dialjzed  against  a  physiological 
salt  solution,  Ringer's  solution,  water,  alcohol,  a  dilute  hy- 
drochloric acid  solution,  and  a  physiological  salt  solution  with 
a  small  amount  of  acid  added.    The  bundles  of  fibers  were  not 
placed  in  tubes,  but  had  the  ends  tied  shut  and  were  suspended 
into  the  solution.    The  dialysis  was  allowed  to  continue  for  ap- 
proximately 48  hours;  during  this  time  the  samples  were  changed 
to  fresh  solutions  at  varying  intervals  of  time.    Each  series  of 
beakers,  however,  was  subjected  to  an  equal  interval  of  time,  in 
order  to  be  able  to  compare  the  rapidity  of  the  dialysis.  After 
the  dialysis  was  complete,  the  solutions  in  the  beakers  were  al- 
lowed to  evaporate  on  the  water  bath,  to  dryness;  centrifuged, 
and  made  up  to  50  cc.  in  volumetric  flasks.    Twenty  cubic  cent- 
imeters of  each  was  removed  into  another  series  of  flasks,  20  cc. 
of  normal  hydrochloric  acid  added,  and  the  solution  hydcoly.zed, 
according  the  suggestion  of  Benedict  and  Meyers,  at  117 — 130  de- 
grees for  thirty  minutes.    These  flasks  were  removed  and  cooled, 
and  made  up  to  50  cc.    Two  cubic  centimeters  of  each  were  used 
for  the  determination  of  the  creatinine  present.    The  amount  of 
creatine  for  each  period  of  dialysis  wei^  calculated,  and  also 
the  total  amount  for  the  entire  period.    The  results  are  tabula- 
ted below,  and  also  plotted  on  coordinate  paper  for  convenience 
in  comparison.     Several  series  were  made  in  order  to  avoid  chance 
of  error.  It  was  found  that  the  dialysis  went  to  completion  more 
rapidly  in  the  hydrochloric  acid  solution  than  any  other;  the 
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extraction  consuming  ahou' 

48  hours  for 

the  total  creatinine. 

Tabulation 

of  the  Fesults 

oround , 

Bundles 

Bundles 

and  Bundles. 

Ground  in 

Bundles 

acid. 

capsules . 

alcohol 

1. 

2. 

3, 

4. 

5. 

6, 

<30  .0 

9.38 

47.0 

15  .6 

18.7 

21,9 

1)25,0 

9  .38 

47,0 

15.6 

18.7 

21 .9 

<J;  17.50 

3.13 

11.25 

4.70 

9.38 

7.90 

42.50 

12.51 

58.25 

19.76 

28. 13 

29 . 80 

3)  8.45 

1.56 

8.15 

1 .56 

1 .68 

7.50 

50.95 

14.07 

66.40 

21.33 

33.81 

:  7.30 

4)  15.60 

7.90 

25.00 

9.38 

18.75 

21.30 

66.50 

21,97 

91,40 

30.70 

51,56 

58.60 

5)  4.68 

10.00 

34.40 

11.25 

11.50 

25.00 

71.18 

31.97 

125.80 

41.95 

63.06 

83.60 

After  48  hours  on  the  ice. 

Bundles . 

Ground 

Bundles 

Ground. 

Time  in  hours 

I. 

8. 

9. 

10. 

1.)  21.90 

50.00 

30.00 

50,00 

3i  z{ 

21.90 

50.00 

30.00 

50.00 

2.)  3.13 

13.75 

3.13 

14.40 

2  5i 

25.03 

63.75 

33.13 

64.40 

3.)  3.13 

10.60 

4.70 

15.60 

2  7l 

28.16 

73.35 

37.83 

80.00 

4.)  21.90 

43.70 

2^.50 

9.38 

19  26^ 

50.06 

117.05 

60.33 

89.38 

5.)  15.60 

9.38 

23.40 

4.68 

24  50i 

65.66 

126.  43 

83.73 

94.06 

The  time  in  hours  for  the  first  six  series  is  a  little  dif- 
erent:    (2,2)     (2,4)     (2,6)     (12,18)     (24,42).     All  the  results 
tabulated  above,  and  those  which  shall  follow,  read  in  milligrams 
of  creatinine.     The  first  ten  scries  as  tabulated  above, are  plot- 
ted on  the  first  sheet.     Series  1,3,  and  4  were  dialized  against 
Ringer's  solution,  and  7,8,9,  and  10  were  dialized  against  a  lOf 
same  solution.      The  Ringer  solution  was  made  up  *;ith  the  follow- 
ing parts:     -  8  of  sodium  chloride,  1  of  sodium  acid  carbonate, 
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.1  part  of  calcium  chloride,  .075  of  potassium  chloride,  and 
10C0  parte  of  distilled  water. 

Tabulation  of  Results,.  4094. 


Ground  pluB  Bundles. 
NaCl. 


Ground  plus    Ground  in    Bandies  Time. 


1. 

1.0  31.19 
21.19 

2.  )  15.60 

36.79 

3.  )  9.38 

46.17 

4.  )  20.30 

66.47 

5.  )  6.25 

72.72 


3. 
7.90 
7.90 

6.25 
14.45 

3.12 
17.27 

17.30 
34.57 

17.50 
52.07 


HC1. 
3 

7.90 

7,90 

21.19 
29.09 

11.25 
40.34 

21 .90 
62.24 

8.13 
70.38 


table  4088. 
Ground  plus    Ground  plus  Ground  plus 


water. 
1. 

1.  )  34.37 

34.37 

2.  )  28.13 

62.50 

3.  )  12.50 

75.00 

4.  )  6.25 

81.25 

5.  )  4.25 

86.50 

6.  )  2,50 

89.00 


HC1 
2. 
21.88 

21.88 

14.10 

35.98 

12,50 
48.  i8 

7,83 
56.31 

21.88 
7819 

6.35 
84.44 


NaCl 
3, 
33.75 
33.75 

28.12 
61.87 

15.63 
77.50 

5.00 
82,50 

8.86 

86.75 

2.50 
89.25 


capsules . 
4. 
18.75 
18.75 

9.38 
38.10 

15.60 
43.70 

7.90 
51.60 

9.40 
61.00 


5. 
9,38 
9.38 

6.25 
15.63 

3.12 
18.75 

18.75 
37.50 

15.60 
53 . 10 


2i 


2i 
17 


4* 


24 


Ground  plus 
NaCl. 
4. 
21.88 
21.88 

12.50 
34.38 

12.50 
46.88 

9.38 
56,26 

25.00 
81.26 

7.80 

90.06 


18i  42^ 

Time . 
2  2 
4  6 
10  16 

6  23 
19  41 

7  48 


It  was  found  that  dialysis  against  different  solutions 
produced  different  colors  and  precipitates.    The  alcohol  removed 
a  great  many  soluble  proteins  and  also  the  haemoglobin  from  the 
fibres;     the  hydrochloric  acid  caused  them  to  swell  up,  which 
probably  has  something  to  do  with  the  rapidity  of  the  dialysis. 
The  sodium  chloride  solution  removed  much  solid  proteins  from 
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the  bundles.     The  coloes  of  the  clear  solutions  ranged  from 
white,  through  yeelow,  to  red.    The  red  color  had  no  appreciable 
effect  on  the  final  readings  in  the  colorimeter.     As  has  already 
been  demonstrated,  the  solutions  sometimes  have  a  turbid  appear- 
ance, due  to  the  presence  or  colloids.    By  the  addition  of  a  lit- 
tle basic  lead  acetate  these  are  precipitated.     It  was  also  found 
that  the  addition  of  the  lead  acetate  had  no  visible  effect  on 
the  final  reading,  except  that  an  escess  of  the  sodium  hydroxide 
had  fro  be  added  in  order  to  dissolve  the  precipitate  which  for»- 
ed  upon  first  addition. 

Discussion  of  the  Results,  and  the  Curves. 
Urano  has  shown  that, when  fresh  muscle  bundles  and  fresh 
ground-muscle  are  hydrolyzed  against  Ringee's  solution,  that  the 
creatine  dialyzes  more  riapidly  from  the  ground  muscle  than  from 
the  bundles.    He  shows  further,  that  if  the  ground  muscle  and  the 
muscle  bundles  are  permitted  to  lie  in  the  ice  chest  for  twenty- 
four  hours,  or  for  forty  eight  hours,  that  the  creatine  dialy- 
zes more  rapidly  from  the  bundles  than  it  did  when  they  were 
fresh,  but  that  the  rate  of  dialysis  from  the  ground  muscle  is 
approximately  the  same.    The  author  then  proposes  the  idea  that 
creatine,  which  ie  a  constant  constituent  of  muscle,  occurrs 
loosely  combined  in  the  muscle  fiber  or  protoplasm.    This  complex 
compound  is  in  a  nondialyzable  form,  which  splits  off  creatine 
upon  the  mechanical  disinter gration  of  the  fibers,  or  upon  stand- 
ing in  the  ice  chest, — The  work  contemplated  in  this  investiga- 
tion, as  suggested  by  Dr.  Paul  E.  Howe,  was  to  study  the  influe- 
nee  of  certain  factors  upon  the  rate  of  dialysis  of  creatine 
from  the  muscles.     In  doing-this,  the  muscles  were  treated  as 
has  already  been  mentioned. (page  7.) 


1 1  lo 


•  ftflvii/T  sdl  bn£  jbHui^  *»d4  to  nol*  bi/o*x\J 
In*  eoTlm/d  bIobum  dBBil  adrtwtj«rfJ  n*odB  ohmtTT 

«rt*  tnolJiffo«  a'Brfsnlfl  Jaa/figB  !».t\Ioih\rf  b*i*  bIobi^ 
riBrtl  bIobim  bnuoijj  *>di  woil  ^XMjBfc  5  ion  8B«iisir  i 

•  nCoiit/fli  bnt/ma         11  Satis  ^nrfJiift  Bworfe  ©tf  .«all 


c 


»"t  luado  boI  ddi  nl  ©II  oS  bBitfaiBi  «i«  rsH  ni/d  tlooum 
loib  BniJ#*BTo  BfiJ  tfirfl  %nnfOd  ^Jtoi  ioi  to  ^siuon  ti/ot 

bt«w  *>lb  **  n*rfi  cftlbnud  *dl  •Oil  ithlzai  bioj  «b& 

tlotira  bnuois  9fl*  ^°  9t**  *****  tt,(*  »dB8tl 

1    i&Sbi    Arff    BBBO^OT-l   flBfl^    lOrillll   ftrfT      .  9WS»   9rt*  ^ISJMIlKOl4! 

anuooo  %bXo«u«  to  in*»u* i Janoo  JniJanoo  •  si  dold*  4©nii»»io 
oo  BidT  .  m,»I  n'  >i  i  to  iadl*i  bIobim  ©rtJ  nl  f»»iM*«oo  ^losooX 
■  nfktaa  ifoida     wiol  *t*{nXYthlt'AQn  8  .11   *i  bfllfO.i.BOO 

«  no^u  to  .ttiodi"!  mfJ  *to  noi Jfiigitinitib  f*oin*«doa*  ©if*  no>jtf 
xJe*vnl  aid*  nl  t BJalqjiBJnoo  i*io*  *dT-- .  *6i?rfo  sot  e»d#  nl  jn; 
J n t  m' i  f  'i*r  ji  r  i'w  f>r?oH  *  lltsft  id  'i^  t>Pf'B9^HW  »•©  4no(l 
aaliBBio  to  sl»^fslfe  to  »*bi  ©di  rtoqu  »ioJo*l  aiBffo  *io  bb«i 


16. 

The  results  of  these  investigations  are  contained  in  the 
tables  on  page  10  and  11,  and  in  the  curves  on  pages  12,   13  and 
14.   A  study  of  these  data  would  tend  to  show  that  the  per- 
meability of  the  sarcolemma,  or  cell  wall,  is  an  important  fact- 
or in  the  rate  with  which  creatine  dialyzes  out  of  a  given  quan- 
tity of  muscle.      The  compactness  of  the  mddium  holding  the  crea- 
tine, might  also  play  an  important  part  in  the  rapidity  with 
which  creatine  dialyzes  from  muscle.    For  instance,  it  seems 
plausible  that  we  could  dialyze  more  rapidly  from  a  mass  of  grou- 
nd muscle  than  from  a  muscle  bundle.      The  data  on  page  10  and 
the  curves  on  page  12  represent  a  study  of  the  effect  of  differ- 
ent media    and  long  standing,  upon  the  rate  of  dialysis  of  creat- 
ine from  muscle.     Curves  1, 3,3,4,5,6, represent  the  data  on  fresh 
muscle,  while  curves  7,8,9,10    are  the  data  on  muscle  which  had 
stood  in  the  ice  chest.  This  muscle  was  all  obtained  from  the 
same  dog,  under  antiseptic  conditions,  and  the  dialysis  of  the 
fresh  muscle  begun  immediately  after  the  removal  from  the  dog. 

The  data  shown  in  the  table  on  page  11,(4088),  and  the 
curves  on  page  14,  represent  the  quantities  of  creatine  obtained 
when  ground  muscle  was  dialyzed  against  a  0.9  f  sodium  chloride 
solution,  distilled  water,  and  a      1£3  i  hydrochloric  acid  sol- 
ution.     This  demonstrates  the  facfr  that  a  dialysis  may  proceed 
at  slightly^rates  even  when  the  muscles  are  subjected  to  ident- 
ical conditions  with  relation  to  the  method  of  handling  and  the 
solutions  used  for  dialysis.    The  degree  of  compactness  with 
which  the  muscles  were  placed  in  the  colloidin  capsules  may  have 
influenced  the  rate;  this  will  be  discussed  later.    We  note  a 
similarity  between  the  curves  2,4nd  4,  which  is  rather  difficult 
to  explain,  for  curve  2  represents  the  rate  of  dialysis  against 
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a      133  %  hydrochloric  acid    solution  and  the  curve  4,  against 
a  o.9  f  sodium  chloride  solution.     The  significance  of  this  wil] 
be  diectssed  later.     It  is  interesting  to  note  that  the  rate  of 
dialysis  was  as  rapid  against  distilled  water    as  against  theO.9? 
sodium  chloride,  as  represented  by  the  curves  1  and  4. 

The  data  on  page  11,(4094)  and  the  curves  on  page  13, 
show  the  results  of  dialyzing  against  a  0,9f;  sodium  chloride  sol- 
ution.    In  this  case,  the  rate  of  dialysis  of  the  ground  muscle 
was  compared  with  that  of  the  muscle  bundles.    Here  we  find  that 
the  creatine  dialyzee  out  the  muscle  bundles  more  slowly  than 
from  the  ground  muscle.    We  also  note  that  the  rate  of  dialysis 
from  the  ground  muscle  in  0.9  $  NaCl  solution  and  in      1J33  $  HC1 
is  practically  the  same.    This  data  shows  slightly  different 
rates,  and  not  as  complete  a  dialysis  as  in  the  case  of  plate 
4088. 

A  comparison  of  the  curves, from  the  various  samples  of 
dog  flesh,  4088—4094  and  9001  shows  that  in  all'cases  in  which 
muscle  bundles  and  ground  muscle  were  dialyzed  simultaneously, 
that  the  creatine  does  not  pass  into  the  solution  as  rapidly 
from  the  muscle  bundles  as  it  does  from  the  ground  meat  contain- 
ed in  the  collodin  tubes  and  capsules.    This  is  in  harmony  wtth 
the  results  of  Urano.    We  do  not  observe,  however,  in  the  case 
of  9001  that  where  the  muscle  bundles  were  treated  in  some  man- 
ner which  would  tend  to  alter  the  structure  of  the  bundles,  or 
to  vary  the  osmotic  pressure,  such  as  dilayzing  against  Ringer's 
solution  with  1.33  %  HC1  added  to  it,  or  against  70  f>  alcohol, 
that  we  obtain  a  different  rate  of  dialyzing  and  one  that  approas- 
ches  or  exceeds  that  of  the  rates  obtained  with  the  ground  mus- 
cles,  (curve  1.)   .  It  would  seem  probable,  then, that  the  mech- 
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anical  features  of  dialysie  were  coneerned  in  the  rate  with 
which  creatine  is  extracted  from  muscle,  either  entirely  or  in 
combination  with  the  gradual  destruction  of  the  loosely  combined 
creatine,  suggested  by  Urano.          A  further  proof  of  the  mechan- 
ical or  pure  dialysis  feature  of  the  extraction  of  the  creatine 

is  found  in  curves  4,  4094  and  5,  9001.     In  these  two  cases, 

closely 

ground-muscle  was  packed,  rather  leesely  ,  into  two  narrow  col- 
lodin  tubes,  simulating  muscle  bundles.    A  consideration  of  these 
curves  and  the  data  demonstrates  the  fact  that  they  are  intermed- 
iate between  the  bundle-curves  and  the  ground-muscle-curveg .  We 
would  interpret  this  as  an  indication  that  the  density  of  the  mea 
ium,  which  holds  the  creatine,  influences  the  rate  of  dialysis. 

Contrary  to  the  findings  of  Urano,  we  fail  to  find  the 
rate  of  dialysis  of  fresh  muscle-bundles  to  be  proportional  to 
the  time.    The  curves  do  demonstrate,  however,  a  different  rate 
from  those  of  the  ground-meat  experiments.    Our  results  upon  the 
effect  of  standing  in  the  ice  chest  do  not  agree  entirely  with 
those  of  Urano.     Instead  of  finding  the  same  rate  of  dialysis  for 
ground  muscle  in  both  the  fresh  and  48  hour  preparations,  we 
find  an  increased  rate  for  the  48  hour  preparations,  such  as  is 
observed  in  the  case  of  the  muscle  bundles .    Furthermore,  the 
shape  of  the  curve  is  not  alterediin  the  case  of  either  the  bund- 
les or  the  ground  muscle,  although  with  the  rate  and  the  quanti- 
ty of  creatine, dialyafca    is  increased.      This  would  lend  support 
to  the  idea  that  it.  is  the  nature  of  the  dialyzing  membrane  which 
influences  the  rate  of  dialysis. 

Summary  of  Contents. 

We    have  improved  and  developed  a  method  for  the  determin- 
ati  n  of  creatine  when  occurring  in  small  quantities  or  in  very 
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dilute  solutions. 

We  have  studied  the  various  factorswhioh  influende  the  de 
termination  of  creatine  according  to  the  method  of  Folin. 

We  have  studied  the  accuracy  or  the  modificaticn  of  the 
Folin  method  for  the  determination  of  creatinine  as  proposed  by 
Shaffer  and  Reinoso,  and  found  the  proceedure  to  be  inaccurate 
for  very  large  dilutions. 

We  have  made  a  critical  study  of  the  work  of  Urano  upon 
the  rate  of  dialysis  of  creatine  from  muscle,  and  have  shown 
that  the  mechanieal  features  of  the  manner  in  which  creatine  is 
held  in  the  muscle  fiber  influences  the  rate  ^ith  which  it  may 
be  dialyzed  from  the  tissue. 
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Duboecq  colorimetfce ; —        This  colorimeter  consists  of  a 
focal  eye-piece,  focused  upon  a  double  prism  in  such  a  way  that 
two  hwniiepheres  are  visible;  two  prism,  which  reflect  the  light 
from  two  cylinders  below  onto  this  double  prism  above;  two  cylin- 
ders which  contain  the  liquids  for  comparison;  a  mirror  below, 
which  reflects  the  light  up  through  the  cylinders,  through  the 
two  piston  -prisms  into  the  focal  eye-piece.    This  arrangement 
brings  the  colors  very  close  to  eaeh  other,  and  makes  it  possible 
to  compare  them  with  great  accuracy.     A  scale  is  placed  on  each 
side  of  the  colorimeter  where  the  mecanisim  for  moving  the  two 
plunger  prisms  is.     In  this  way  the  comparisons  can  be  made  in 
mm . 


